ABSTRACT
INTRODUCTION
Little is known about the history of keeping tarantulas recreationally but the hobby anecdotally took off in the 1970s with the exportation of Brachypelma smithi and by the 1990s over 200 species were being bred in captivity [3] .
They are currently one of the most popular non-mammalian pets, as well as being used in zoological exhibitions and as research specimens [8] .
The tarantula species used in this study were Nhandu chromatus commonly known as the "Red and White Brazilian Bird-eater"; so named due to their relatively large size, despite probably not eating birds as part of their diet. In reality, little has been done in the way of nutritional studies of tarantulas in captivity or in the wild [8] . This species is popular in collections due to its large size and striking colouration of a red opistosoma, white prosoma and black and white striped appendages despite their highly defensive reputation [5] .
The nutrients and hydration required by arachnids are usually derived from invertebrate prey species that come within reach. Once captured and immobilised, the spider will regurgitate digestive juices onto their prey and digestion begins externally.
The metabolic rate of spiders is extremely low with oxygen consumption being only 100th of that of warm blooded mammals [7] . Starvation has little effect on survival for months on end in order to enable overwintering and periods of reduced feed availability [2] .
Due to the lack of a separation between the lymphatic and blood circulatory systems, the circulating fluid which carries oxygenated pigments is called haemolymph. The pigment equivalent to haemoglobin in invertebrates is copper based haemocyanin which is a clear coloured liquid that turns blue and coagulates quickly in contact with air and flows freely in the haemolymph as proteinaceous crystals [8] .
Arachnids have a tubular heart which runs dorsomedially within a pericardial sinus along the anterior two-thirds of the opistosoma just ventral to the abdominal exoskeleton [11] . Haemolymph then re-enters the closed circulatory system but the venous return to the heart is via an open circulatory system free flowing amongst the tissues [4] .
Within the bodies of all arachnids, a complex of prosomal and opisthosomal muscles can generate locally increased haemolymph pressure within the semi-open circulatory system. This is the mechanism by which all locomotive and tactile movements occur and can be referred to as a hydraulic system [6] .
As far as we know, only 1 study has been performed analysing the biochemical parameters of tarantula haemolymph using a biochemistry machine such as those that are available to veterinarians. Eleven Theraphosa blondi and twelve Grammostola rosea tarantulas were sampled by Z a c h a r i a h et al. in 2007 [12] immediately after wild capture and 8 weeks later after a period of good nutrition and hydration. Significant differences in body weight, sodium, potassium, and osmolality between the sampling times for both species were seen. There were also significant differences in: creatine kinase, calcium, total protein, and blood urea nitrogen between the sampling periods for T. blondi.
The results of that study suggested that serial haemolymph samples may be used to assess the hydration status of theraphosid spiders. Differences seen in the biochemical results for different species in the aforementioned study, as well as those obtained by S t e w a r t and M a r t i n in 1970 [9] for Dugesiella hentzi, show the importance of defining the normal levels for each species.
The aim of this study was to determine the physiological values of selected biochemical parameters in the haemolymph of tarantulas Nhandu chromatus and obtain relevant information regarding their stage of ecdysis and anaesthesia susceptibility.
MATERIALS AND METHODS
The test subjects used in this study (n = 12) were purchased as immature siblings from a private breeder and subsequently kept under identical conditions for 2.5 years. The Student t-test was the test used to define statistical significance between the imminently shedding and recently shed variables for total protein, glucose and uric acid.
The level of significance was set at P < 0.05.
RESULTS AND DISCUSSION
Every tarantula was successfully sampled and yielded biochemical data ( Table 1) . Results of statistical analysis for each parameter in all 12 tarantulas are presented in Table 2 .
The weights of tarantulas were between 6 g and 10 g, the variety of which was to be expected as some had shed one more time than others. It was also apparent that those weighing 6 g and 7 g had shed recently which again was to be expected as they lose the weight of their previous exoskeletons and appear to have smaller abdomens after shedding.
In It was observed during the course of the anaesthesias that those fast approaching ecdysis responded to anaesthesia more swiftly and successfully than those that had recently shed, one of whom showed minimal response after 15 minutes of exposure and proved very difficult to restrain.
Upon receipt of the biochemical data, it also became visually apparent that there may be some correlation between the stage of shedding and levels of total protein, glucose and uric acid.
As is demonstrated in Table 3 , only total protein showed a high statistical significance between the variables with a P value of 0.0023. It is interesting that in a majority of cases, glucose was higher in those which had not eaten for 2 weeks compared to those that had eaten 4 cockroaches within the previous 2 days.
In terms of obtaining a normal range for the species, all of the parameters seem to be without anomalies except for uric acid which shows great variations. This may be due to the temporal proximity of the last defecation, as uric acid is one of the waste products excreted along with guanine, adenine and hypoxanthine [10] . Unfortunately, speculation on the cause of this variety is beyond the scope of this study. All of the test subjects survived sampling with no adverse effects to either the anaesthesia or having 0.2 ml of haemolymph taken. Some individuals proceeded to shed within the next few days and they all resumed eating two days later.
Tarantulas, like other invertebrates have an exoskeleton and, must shed in order to increase in body size and reach maturity. It is well known that shedding occurs more frequently in spiders that are being fed more. "Power feeding"
is used by tarantula dealers in order for their animals to reach maturity faster and fetch a higher price in less time.
As tein that needs to be reached in the haemolymph by means of feed intake in order for healthy individuals to cease eating as is normal during pre-moult.
CONCLUSIONS
As so little is known about tarantula haemolymph, especially from Nhandu chromatus, any information gathered, whether to set a standard range for healthy animals or to investigate ill health, is valuable. Tarantulas are greatly under-represented in veterinary clinics, but this may change as our comprehension of their physiology improves.
Similar studies in the future will hopefully provide more and more accurate ranges for biochemical parameters and further investigate the observations made regarding the stage of ecdysis and anaesthesia susceptibility. Hopefully one day it will be possible to sample haemolymph and run biochemical analysis in veterinary clinics in order to diagnose diseases in arthropod patients with a view to treating them. This option is, as of yet, unavailable to us but this study has shown that 0.2 ml can be safely taken from 6 g tarantulas and at least 5 biochemical parameters can be obtained from this.
